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The Assembly and Control of the XerCD-dif Recombination Machinery
Studied at the Single Molecule Level
Cheikh-Tidiane Diagne1, Catherine Tardin1, Philippe Rousseau2,
Laurence Salome1, Franc¸ois Cornet2.
1IPBS - CNRS - Universite´ de Toulouse, Toulouse, France,
2LMGM - CNRS - Universite´ de Toulouse, Toulouse, France.
Tyrosine recombinases are well known to catalyse site-specific DNA recombi-
nation in bacteria, archeae and eukaryotes. In bacteria, these recombinases are
extensively used for programmed integration, excision and inversion of DNA
segments. XerC and XerD form together a highly conserved tyrosine recombi-
nase devoted to recombine dif sites, located in the terminal domain of circular
bacterial chromosome. XerCD-dif recombination resolves chromosome dimers
to monomers before segregation and is thus required for the faithful segregation
of sister chromosomes in daughter cells. To do so, its activity is precisely tuned
and controlled during the bacterial cell cycle. In E. coli, XerCD/dif activity is
controlled at two levels: i) the direction of the recombination reaction (from
dimer to monomer and not the inverse) and ii) the timing of the reaction
(coupled to septation). Both controls necessitate the cell division protein
FtsK. The way this septal DNA translocase acts on XerCD/dif recombination
is not completely understood but involves the control of the assembly of the
nucleoproteic complex where recombination takes place.
To understand the XerCD-dif recombination and its FtsK-mediated control, we
study the assembly of the recombination complexes on single DNA molecules.
We will present the Tethered Particule Motion experimental setup we are using
as well as our findings.
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AZT Drug Resistance Conferred by a Dipeptide Insertion in the Fingers of
HIV-1 Reverse Transcriptase Involves Multiple Mechanisms
An Li, Kenneth A. Johnson.
University of Texas at Austin, Austin, TX, USA.
HIV reverse transcriptase (RT) mutants containing a dipeptide insertion be-
tween codons 69 and 70 of HIV-1 RT (the ‘‘69 insertion complex’’) are resis-
tant to all nucleoside/nucleotide analog reverse transcriptase inhibitors (nRTIs)
currently approved by the US FDA. Pre-steady-state kinetic studies and global
data analysis were performed to determine the mechanistic basis for the drug
resistance against AZT by RTs containing the 69 insertion complex. We first
measured kinetic constants governing nucleotide binding and incorporation
for TTP and AZTTP by two chimeric RTs: the T69SSS and the 69 insertion
complex. We showed that TTP binds more weakly to both mutants than
AZTTP. However, this weaker ground-state binding is offset by the much
more favorable substrate-induced isomerization step while rates of chemistry
for TTP and AZTTP by each mutant are comparable. The results indicate
that the fingers insertion only modestly improves discrimination against
AZT. Consequently, it has been widely accepted that resistance arises predom-
inantly by increasing rates of ATP-dependent excision of the chain terminator.
However, data from our primer rescue and extension assays showed that that is
not the case: the TAMs mutant increased the excision efficiency by ~5-fold
while the introduction of fingers insertion into the TAMs background actually
decreased the excision efficiency to only ~2 fold. On the other hand, the fingers
insertion did interfere with the binding of the next correct nucleotide (dCTP),
making its binding weaker by ~1.5 fold. This change, however, will not affect
the excision efficiency at the physiological nucleotide concentration due to the
weak binding of dCTP to the 3’-end of AZT terminated primer. Thus, the dis-
crimination and excision mechanisms cooperate together at multiple transcrip-
tion sites, which conferred the clinically observed high level of nucleotide
resistance.
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Visualization of UV-Induced Damages on Single DNA Molecules
Kyubong Jo, Jinyong Lee, Hyun Seung Park.
Sogang University, Seoul, Korea, Republic of.
UV radiation-damaged DNA such as DSB and SSB are visualized at the level
of single DNAmolecules using light microscopy. Single molecule observations
provide a map of DNA radiation-mediated breakage, revealing sequence-
dependent DNA damage. These findings suggest that essential genes for sur-
vival have evolved to be tolerable to short wavelength UV radiation.
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Understanding the Kinetic Mechanism of MutS during Mismatch Recog-
nition and Initiation of Repair
Anushi Sharma, Manju Hingorani.
Wesleyan University, Middletown, CT, USA.
DNA mismatch repair (MMR) is essential for correcting errors generated in
DNA during replication. Abnormal expression or function(s) of MMR proteinsgive rise to a mutator phenotype, increasing cancer susceptibility. MMR initi-
ates when MutS recognizes a mismatch and binds it with high affinity. MutS
then binds ATP and forms a sliding clamp to signal initiation of downstream
repair steps. The DNA-binding and ATPase activities of MutS are under active
investigation, in particular the events involved in transition between recogni-
tion of errors and initiation of repair. We are utilizing stopped-flow analysis
of fluorescently labeled protein as well as DNA to determine the kinetic mech-
anism of Thermus aquaticus MutS. Our results indicate that MutS rapidly inter-
acts with mismatches to form an initial weak complex (KD1 = 2 mM), followed
by conformational changes in both DNA andMutS to form a high affinityMutS-
DNA complex with the DNA kinked at the mismatch site (kconf ~ 20 s-1 and
KD2 = 15 nM). In absence of mismatchedDNA,MutS rapidly switches between
two conformations in response to ATP binding and hydrolysis. ATP hydrolysis
is suppressed in mismatch-bound MutS, and our data suggest that after ATP
binding (kON = 0.2 mM-1s-1), the MutS-DNA complex undergoes at least two
conformational changes (kobs1 ~ 3 s-1 and kobs2 ~ 0.3s-1) possibly related to
DNAunbending and formationof theMutS sliding clamp, respectively. Bymon-
itoring the reaction via fluorescent reporters on both DNA and protein, we are
developing a comprehensive view of MutS actions on DNA and gaining novel
mechanistic insights into the initiation of mismatch repair.
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Global and Local Conformational Studies of Mismatched Duplex
DNA Upon Msh2-Msh6 Binding by Steady-State and Time-Resolved
Fluorescence
Yan Li, Manju Hingorani, Ishita Mukerji.
Wesleyan University, Middletown, CT, USA.
The DNA mismatch repair (MMR) system guards the integrity of genetic ma-
terial by scanning and correcting errors in a post-replicative manner and thus
improves the fidelity of DNA replication by several orders of magnitude. In
eukaryotic cells, the initiation of MMR is achieved by recognition of biosyn-
thetic errors by Msh proteins (MutS homologs). Single base mismatches and
small insertion/deletion loops (IDL) are recognized by the Msh2-Msh6 hetero-
dimer followed by recruitment of MutL homologs (Mlh/Pms) and this ATP-
dependent ternary complex further activates downstream MMR events. The
exact mechanism by which Msh2-Msh6 distinguishes a mismatched base
pair precisely from a large excess of canonical Watson-Crick base pairs in an
efficient manner is still unknown. In this study we explore the specificity of
Msh2-Msh6 binding that enables discrimination between different mismatches
through measurement of binding affinity and protein-induced bending using
fluorescence anisotropy, gel mobility shift assays and Fo¨rster Resonance
Energy Transfer (FRET). These measurements yield the following order of
binding affinity: G:T > þT > G:A > G:C and are in good agreement with pre-
vious results. The FRET efficiency of free and Msh2-Msh6-bound mismatched
duplex DNA suggests that Msh2-Msh6 bends both þT and G:T duplex DNA
relative to G:C homoduplex DNA, which appears to remain relatively straight
in the bound form. We have also monitored local DNA base pair dynamics with
time-resolved fluorescence intensity and anisotropy spectroscopy measure-
ments. By using a fluorescent nucleoside analog, 6-methylisoxanthopterin
incorporated into mismatched DNA, we can explicitly investigate single base
pair dynamics. These experiments reveal that protein binding stabilizes the
probe placed at the mismatch or located adjacent to the unpaired thymine.
This stabilization is relatively local to the mismatch site and is not propagated
down the helix.
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POT1/TPP1 and Telomeric G-Quadruplexes Synergistically Block RPA’s
Access to Telomeres
Sujay Ray1, Jigar N. Bandaria2, Mohammad H. Qureshi1, Ahmet Yildiz2,
Hamza Balci1.
1Kent State University, Kent, OH, USA, 2University of California, Berkeley,
CA, USA.
Human telomeres terminate with a G-overhang, which can be misrecognized as
a DNA damage site by RPA. In cells, POT1/TPP1 protects telomeres against
RPA binding. The G-overhang folds into different G-quadruplex (GQ) confor-
mations. The role of GQ formation in protection of telomeric overhangs
remains unclear. Using single-molecule FRET, we show that the ability of
POT1/TPP1 to compete against RPA binding to telomeres is significantly en-
hanced by GQ formation. In the absence of POT1, RPA efficiently unfolds
single-stranded telomeric GQs and binds to the unfolded DNA. POT1 and
POT1/TPP1 stably load on to a 3’-TTAG sequence adjacent to a folded GQ.
As a result of this loading two possible pathways emerge: 1) A fraction of
GQs are unfolded at a level that depends on their folding conformation. The
unfolded GQs are bound by POT1 or POT1/TPP1 which provides protection
against RPA binding. 2) The GQs that remain folded after POT1 or POT1/
TPP1 loading are greatly stabilized against RPA mediated unfolding, which
Sunday, February 3, 2013 77ais the dominant pathway of telomere protection against RPA binding. TPP1 en-
hances POT1’s ability to compete against RPA in both pathways. Thus, the syn-
ergistic effect of GQ formation and POT1/TPP1 binding protects telomeric
overhangs against DNA damage signals.
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Energy Landscapes of Triplet Repeat DNA Bulge Loops: Implications for
DNA Expansion and Disease States
Jens Vo¨lker1, Vera Gindikin1, Horst H. Klump2, G Eric Plum3,
Kenneth J. Breslauer1.
1Rutgers University, Piscataway, NJ, USA, 2University of Cape Town,
Rondebosch, South Africa, 3IBET Inc, Columbus, OH, USA.
Triplet repeat DNA sequences are prone to undergo DNA expansion events that
correlate with a range of debilitating neurological diseases such as Hunting-
ton’s and myotonic dystrophy type 1 (DM1). Repeat DNA expansion occurs
in response to error prone DNA replication, DNA recombination, and DNA
repair events. It is commonly believed that the propensity of repeat DNAs to
adopt (meta-)stable self-structures plays a critical role in the processes that
lead to the erroneous expansion events. In particular, repeat DNA sequence
can form slipped out bulge-loop structures via out-of-phase alignment between
the two different DNA strands. Such slipped out bulge loop structures may be
difficult targets to process by the DNA replication, DNA recombination, and/or
DNA repair machinery, thereby contributing to expansion events. To better un-
derstand such altered substrate structures, we have been mapping the energy
landscape of select models of repeat bulge loops using differential scanning
calorimetry and temperature dependent spectroscopy. Our data reveal novel in-
sights into the thermal and thermodynamic features of such slipped-out repeat
DNA bulge loop structures, including characteristics that may contribute to
their differential recognition and processing that lead to expansion events,
the genotypical signature that correlates with neurological disorders.
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WT UV-DDB Performs a 3D Search on DNA whereas the XP-E Mutant
(K244E DDB2) Mutant Slides
Harshad Ghodke1, Hong Wang2, Ching L. Hsieh3, Gregory Gibson4,
Simon Watkins4, Vesna Rapic-Otrin3, Arthur S. Levine3,
Bennett Van Houten1.
1Department of Pharmacology and Chemical Biology, University of
Pittsburgh, Pittsburgh, PA, USA, 2North Carolina State University, Raleigh,
NC, USA, 3University of Pittsburgh Cancer Institute, Pittsburgh, PA, USA,
4Center for Biologic Imaging, University of Pittsburgh, Pittsburgh, PA, USA.
The DNA damage binding protein complex (UV-DDB) recognizes ultraviolet
light (UV) induced lesions such as 6-4 photoproducts (6-4PPs) and cyclobutane
pyrimidine dimers (CPDs) in DNA and initiates human nucleotide excision re-
pair in chromatin. Crystallographic studies have revealed that UV-DDB binds
to damaged DNA as a heterodimer of DDB1 and DDB2 on short DNA sub-
strates; however, its oligomeric state on longer, physiologically relevant sub-
strates and on nucleosomes remains undetermined. Additionally, the question
of how UV-DDB searches a sea of undamaged chromatin for UV-induced
lesions remains unresolved. We assayed purified UV-DDB for binding to
a 517 bp UV-irradiated, PCR fragment using atomic force microscopy
(AFM). Volume analysis revealed that UV-DDB binds primarily as a dimer
of heterodimers to UV damaged DNA, with 19% of these UV-DDB dimers
binding simultaneously to two DNA molecules In order to study damage
recognition in real time, we used a His-tag on UV-DDB (either DDB1 or
DDB2) to conjugate quantum dots(QDs). QD-UV-DDB retained DNA damage
binding activity, as assayed by electrophoretic mobility shift assays. To identify
the search mode, we have employed an oblique angle fluorescence microscopy
setup to track single molecules of QD tagged UV-DDB on UV-damaged DNA
tightropes. We have identified that WT UV-DDB employs a 3D search to iden-
tify DNA damage, with a long residence time when bound to sites of damage.
Consistent with several salt-bridges observed in the co-crystal structure, we
have found that the mobility of UV-DDB on DNA is salt dependent. Further,
we have assayed the disease causing K244E mutant of DDB2 and observed
that the mutant retains DNA binding activity, but slides on DNA compared
to the WT. Our results reveal the stoichiometry and search mechanism of
UV-DDB in damage surveillance.
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Formation and Stability of E.Coli RecA Nucleoprotein Filament Regulated
by Single-Stranded DNA Binding Protein
Hongxia Fu1, Shimin Le1, Hu Chen1, Muniyappa2, Jie Yan1,3.
1Mechanobiology Institute, Singapore, Singapore, 2Department of
Biochemistry, Indian Institute of Science, Bangalore, India, 3Department of
Physics, National University of Singapore, Singapore, Singapore.In Escherichia coli, the RecA nucleoprotein filament formed on single-stranded
DNA (ssDNA) is essential for homologous recombinational DNA damage
repair. In vivo, formation and stability of the RecA nucleoprotein filament is
regulated by the single-stranded DNA binding protein (SSB). However, current
understanding of RecA-ssDNA interaction has been mainly based on experi-
ments in the absence of SSB. In this study, direct knowledge of the influence
of SSB on the RecA nucleation, polymerization, and stability is obtained by
single ssDNA manipulation method using magnetic tweezers. Our results
reveal an SSB, force, and ATP hydrolysis dependent regulation of the RecA
nucleoprotein filament formation and stability.
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RecA Filament Migration on a Single-Stranded DNA
Doseok Kim1, Sung Hyun Kim1, Tak Kyoon Ahn1, Chirlmin Joo2.
1Sogang University, Seoul, Korea, Republic of, 2Delft University of
Technology, Delft, Netherlands.
RecA protein lies at the core of DNA repair mechanism. RecA forms a helical-
structured filament on a single-strand DNA (ssDNA) as an intermediate of
homologous recombination. Recent crystal structure of RecA filament with
embedded ssDNA found that each RecA monomer in the filament is bound
to a group of three nucleotides, simultaneously forming a gap between neigh-
boring groups. Thus, there are three possibilities (phases) in the binding of
RecA according to the relative position of the gap in the substrate ssDNA.
We developed a single-molecule fluorescence based assay to identify the phase
of individual RecA filament. On a polythymine substrate, RecA filaments were
formed randomly in the three phases. Each RecA filament changed its phase via
migration along the substrate ssDNA for which the energy from ATP hydroly-
sis was required. On the other hand, the RecA filament was arrested into a single
phase when the poly thymine was replaced by TGG repeats. Our results provide
a new insight into the molecular mechanism of sequence specific RecA filament
dynamics.
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In Vivo Visualization of Mismatch Repair in Bacillus Subtilis using Single-
Molecule Fluorescence Microscopy
Yi Liao, Jeremy Schroeder, Lyle Simmons, Julie Biteen.
University of Michigan, Ann Arbor, MI, USA.
The high fidelity of DNA replication is vital to genomic integrity and ultimately
to the survival of species. Errors occurring during DNA replication can have
severe consequences such as producing certain types of cancers, and the correc-
tion of these errors is carried out by various DNA repair systems, one of which
is the mismatch repair (MMR) system that exists in both prokaryotes and
eukaryotes. Mismatched nucleotides are recognized by MutS, an MMR system
protein that first binds to the mismatched DNA and then recruits other MMR
proteins responsible for the downstream repair process. Despite its crucial
role in this process, little is known about how MutS first locates mismatched
base pairs. Two competing models have been proposed in the literature: the
replisome-associated model argues that MutS is bound to and travels with
the replication fork and can bind mismatches immediately as they are produced,
while the scanning model states that MutS binds and scans the DNA strands on
its own to search for mistakes long after the DNA polymerase complex has syn-
thesized DNA. To address this question, we apply single-molecule fluorescence
microscopy to reveal the in vivo distributions and dynamics of MutS and the
replisome in live Bacillus subtilis bacterial cells. Based on photoactivated
localization microscopy (PALM), PAmCherry-labeled MutS and mCitrine-
labeled DnaX (a subunit of the replisome) are tracked with nanometer-scale
precision to reveal the spatial relationship between these two as well as their
motional correlations. Our preliminary results suggest transient yet significant
co-localization between MutS-PAmCherry and DnaX-mCitrine and thus sup-
port the replisome-associated model.
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Quadruplex Priming Amplification of DNA Coupled with Nicking
Endonuclease Activity
Shota Gogichaishvili, Tamar Partshkhaladze, Besik Kankia.
OSU, Columbus, OH, USA.
Identification, amplification and quantification of nucleic acids for detection of
pathogenic organisms and genetic diseases is one of the most important field in
biomedical research. Polymerase chain reaction (PCR) is commonly used for
nucleic acid diagnostics. However, temperature cycling, limited yield of
product DNA, the need for specialized instrumentation and expensive detection
probes are not compatible with the goals of point-of-care diagnostics. To
address these limitations we have developed quadruplex priming amplification
(QPA), which relies on specifically designed guanine-rich primers. After poly-
merase elongation, the primers are capable of spontaneous dissociation from
